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Lithological and Palynological Analyses of a Quaternary Exposure, 
Waterman Creek, O'Brien County, Iowa 
KENT L. VAN ZANT 
Amoco Production Company, Amoco Building, Denver, CO 80202 
Erosion along Waterman Creek, O'Brien County, Iowa, has exposed two tills separated by a peat bed. The lower till is a pre-Illinoian till, 
based on lithological analyses, which crops out in the stream valleys and roadcuts along the Little Sioux River. It is also the same till which 
occurs at the surface west of Mill Creek in O'Brien County. Palynological analyses of the 38 cm thick peat bed indicate that a boreal forest 
containing abundant spruce and larch trees inhabited this area for a period of time before 40,000 RCYBP. This vegetation is similar to the 
late-glacial vegetation of northwestern Iowa, approximately 12,000 RCYBP. 
INDEX DESCRIPTORS: palynology, Quaternary, till stratigraphy. 
The first studies of the Quaternary geology of northwestern Iowa 
appeared in the Iowa Geological Survey's county reports (e.g., 
MacBride, 1901, 1902). Subsequent studies of the till stratigraphy of 
northwestern Iowa west of the Bemis moraine include Carman, 
(1917, 1931); Ruhe, (1950); Van Zant, (1974); and Lucas, (1977). 
Others have focused on the alluvial history (e.g., Pedersen and 
Lohnes, 1963; Hoyer, 1980). 
In 1975 a large outcrop along Waterman Creek, O'Brien County 
(NWY4, SEY4, NWY4, sec. 26, T. 95 N., R. 39 W.) was discovered 
which exposed two tills separated by a peat bed. This outcrop provides 
an opportunity to investigate the vegetation which inhabited that area 
for a period of time between two glacial episodes. 
DESCRIPTION OF THE SITE 
Unoxidized till extends 0.6 m above stream level along Waterman 
Creek. The till is dark gray, compact, and calcareous throughout. 
Above the till is 0. 6 to 0. 9 m of sandy, weakly calcareous sediment. 
The overlying unit consists of 0. 38 m of compact, blocky, black 
peat. The top 6 cm of this peat is slightly oxidized and has a reddish 
tint. 
Over 6 m of gray-brown, oxidized till is exposed immediately 
above the peat. Sand "boulders," large inclusions up to 2 m in 
diameter containing well-sorted sand occur within the till. The till 
contains gray-green shale particles. This till can be dug out for 3 7 m 
up the valley side to the upland. 
TILL LITHOLOGY 
Van Zant ( 1974) analyzed over 100 samples of Tazewell and Kansan 
till which were collected in a 1,295 square kilometer area between 
Cherokee, Sheldon, and Sioux Rapids, Iowa. Mechanical, mineralog-
ical, and carbonate analyses were used to differentiate the two tills. 
The lower till was called Kansas after Ruhe ( 1950) but is more 
accurately named pre-Illinoian based on on-going work in eastern and 
southern Iowa (Hallberg, 1980; Hallberg and Baker, 1980). 
Two samples of each till at the Waterman Creek site were collected 
and analyzed using the same methods and parameters as Van Zant 
(1974). These data are summarized in Table 1. The analyses indicate 
that the lower till contains the same characteristics as "Kansan" till of 
the 1974 study and that the upper till compares most closely with 
Tazewell till. 
POLLEN DIAGRAM AND VEGETATION 
Samples were processed for palynomorphs following Faegri and 
Iversen (1975). More than 300 pollen grains of arboreal and 
anemophilous herbs were identified in 10 of the 13 samples (Figure 
1). Spruce pollen accounted for greater than 80% of the pollen rain in 
all samples. Pine pollen peaked at approximately 10% near the base of 
the diagram. 
Cyperaceae pollen was the dominant non-arboreal anemophilous 
pollen. Sedge was probably locally derived and, therefore, excluded 
from the pollen sum. Gramineae and Artemisia pollen were each less 
than 10% of the pollen rain (Figure 1). 
The vegetation which produced such a pollen rain was a closed 
forest dominated by spruce and larch trees. Fir, hemlock, and 
Cupressaceae trees were probably also present. Pine trees were proba-
bly absent or rare. Birch and hornbeam or hop-hornbeam trees were 
probably present. Other deciduous trees may also have been present in 
limited stands. The pollen percentages compare most closely to the 
pollen rain in the modern boreal forest of southern Manitoba (Webb 
and McAndrews, 1976). 
Open areas were limited. Perhaps meadows occurred, but these 
Table 1. Analyses of till samples from the Waterman Creek Site compared to average values of Tazewell and the 
pre-Illinoian tills from the region. 
Mechanical Carbonate Mineralogy 
igenous and 
clay silt sand rounded shale metamorphic 
64 samples of Tazewell Till 33% 34% 33% 16.34% 9% - 42% 28% - 48% 
45 samples of pre-Illinoian Till 40% 28% 32% 6.64% <5% 52% - 83% 
Waterman Creek Samples 
Upper Till 1. 32% 35% 33% 17.25% 38% 33% 
Upper Till 2. 34% 34% 32% 16.06% 22% 40% 
Lower Till 3. 42% 30% 28% 7.89% 1% 56% 
Lower Till 4. 44% 26% 30% 7.34% 0% 74% 
1
Van Zant: Lithological and Palynological Analyses of a Quaternary Exposure,
Published by UNI ScholarWorks, 1983
126 PROC. IOWA ACAD. SCI. 90(1983) 
Pollen percentage diagram 
Taze- Depth • 
well (cm.) • ~ 









0 so 0 300 
Cyperaceae excluded from the pollen sum 
Fig. 1. Pollen percentage diagram of Waterman Creek peat bed. 
were probably not extensive or near the site of deposition. Sedges grew 
around the water's edge. 
A radiocarbon date from spruce wood at the top of the peat is 
greater than 40,000 radiocarbon years before the present (RCYBP) (1-
8843). The peat must have been deposited prior to this date and is 
considerably older than Tazewell till, based on other radiocarbon dates 
from the area (Ruhe, 1969; Kemmis et al., 1981). This spruce forest 
may have lived at any time after this ice retreated but prior to 40,000 
RCYBP. The till beneath the peat is unleached like the pre-Illinoian 
till at other sites in the study area. The till may have been leached and 
later eroded prior to peat deposition, or perhaps the till was not 
exposed long enough for leaching to occur. 
Correlation of this peat to other sites in the Midwest is difficult 
because of its unknown age. Graham (1962) described a 0.6 m peat 
section resting on "Kansan gumbotil" in Poweshiek County. The peat 
was rich in coniferous pollen and wood. 
Similarly, peat atop the Yarmouth paleosol at the Yarmouthian 
type section in southeastern Iowa (Hallberg and Baker, 1980) contains 
spruce wood. This site has high Picea pollen percentages (greater than 
80%) with low Pinus percentages. Lane (1939) described several other 
buried peat beds with predominantly conifer pollen. All these sites 
probably represent interstadial or proglacial environments during 
early glaciations. 
Pollen diagrams from younger interstadial peats in this part of the 
Midwest (Hallberg et al., 1980; Mundt and Baker, 1979; Van Zant, 
et al., 1980) contain higher percentages of Pinus pollen than the 
section at Waterman Creek. Late-glacial sites in Iowa (e.g., Baker et 
al., 1980; Van Zant, 1979; Van Zant and Hallberg, 1976) contain 
pollen percentages similar to those at Waterman Creek. 
This peat probably was deposited: 
(1) during proglacial, full-glacial, or late-glacial conditions based 
on the boreal pollen present. 
(2) before the Tazewell glaciation because of the pre-40,000 YBP 
radiocarbon date. 
(3) shortly after 0.6 to 0.9 m of calcareous sediment was deposited 
in standing water. The absence of leached, oxidized ti~l beneath the 
sandy sediment suggests that the till and the standing water are 
closely related in time. 
Another explanation for the sandy sediment is that it correlates to 
the Iowan Erosion Surface which exists throughout this area (Ruhe, 
1969). This explanation is unacceptable, however, since (a) the pebble 
band on the pre-Illinoian till in northeast Iowa is usually noncal-
careous, (b) is on oxidized till, and (c) is radiocarbondated at younger 
than 30,000 RCYBP (Ruhe, 1969). 
CONCLUSIONS 
Two tills along Waterman Creek, O'Brien County, Iowa are 
separated by a peat bed. The upper till is lithologically similar to 
Tazewell till within a 1,295 square kilometer area adjacent to the site; 
the lower till is identical to a pre-Illinoian till in the area. Plant 
microfossils within the peat indicate that the area supported a 
coniferous forest containing abundant spruce trees. Meadows within 
this forest were rare, at least near the site of deposition. The peat was 
probably deposited within a sedge marsh or pond surrounded by 
sedges sometime before RCYBP and probably shortly after the 
deposition of the lower till. 
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